Abstract-Titanium alloys exhibit excellent biocompatibility and corrosion resistance in the body fluid and possess mechanical properties similar of the bones' properties. When the loss of osseous is important in osseous surgery, large biomaterials are implanted and should be accepted by the organism. For increasing the biomaterials biocompatibility, biological compounds can be linked or deposited on the material surface making them biologically active.
I. INTRODUCTION
DEAL bone substitute should present a surface conductive to or inducing osseointegration, regardless of implantation site, bone quality, bone quantity, etc. A common feature in engineering cell and tissue behaviors at biomaterials surfaces is thus to modify the material in order to interact selectively with a specific cell type through biomolecular recognition events.
A promising approach is to use biomimetic modification of the biomaterial with a peptide sequence containing adhesion domains of the extracellular matrix (ECM) proteins. The most used is the RGD sequence (Arg, Gly, Asp) which is known to mediate cell attachment [1] .
The process of integrin mediated cell adhesion comprises a cascade of four different party overlapping events: cell attachment, cell spreading, organization of actin cytoskeleton, and formation of focal adhesions [1] . The number of attached cells is clearly related to RGD surface density [2] . Moreover, clustering the RGD sequences was shown to increase the cell motility and adhesion [3] .
In the present work, we focus on the elaboration of patterned biomaterial surfaces with highly functionalized nanodomains. In this way, 3-amino-propyl-triethoxy-silane (APTES) was covalently linked to a clean titanium alloy surface which is then presenting amino moieties [4] . Next, each amino moieties are used to make a dendritic tree inspired of the poly-amido-amine (PAMAM) synthesis [5] .
This synthesis consists of two successive steps which multiply by two the number of amino moieties for each silanized sites. The chemical reactions are showed on figure 1.
This work proposed to synthesize and characterize all the intermediates of the generation 2 dendronized titanium; namely: silanized titanium (or generation 0, obtained after the reaction with the APTES), generation 0.5 (first half generation, obtained after the first step of the dendronized titanium synthesis), generation 1 (having two amino moieties per fixation sites), generation 1.5 and generation 2, which present 4 amino moieties per fixation sites. The generation 2 dendronized titanium is represented on figure 2 .
The free functional sites are finally used to covalently link a RGD sequence, mediating cell attachment. The grafting method was inspired of [4] .
At each step, the materials are characterized by X-Ray Photoelectron Spectroscopy (XPS) and by indirect titration with fluorescamine which is a compound reacting specifically with primary amine moieties to form a fluorescent complex.
Because the fluorescence is extincted by the proximity of [6] , the fluorescence can not be quantified directly on the titanium surface and the titration was carried out by measuring the fluorescamine which had not reacted and was still in the solution.
II. MATERIALS AND METHODS
A. Materials 3-aminopropyltriethoxysilane (APTES) was obtained from ABCR-Roth Sochiel, France. Anhydrous hexane, methanol, methylacrylate, 1,3-propanediamine, fluorescamine, anhydrous dimethylformamide (DMF), SMP, acetone, triethylamine and n-butylamine were purchased from Aldrich, France. Disks of titanium alloy (Ti-6Al-4V or TA6V) were produced by Good Fellow, France.
B. Preparation of the silanized titanium
Mirror polished TA6V disks have been sonicated 15 min in ethanol and 15 min in acetone and hence cleaned by 48 hours washing by methanol in soxhlet extractor.
The silanization was then carried out in a dried and air free chamber that allow us to avoid the contamination (C, N, H 2 O, Si) of the surface. For this reaction, the materials were first outgassed at 150°C under vacuum (10 -5 Torr) for 15 hours and the silanization is then realized by immersing the materials in a 10 -2 M APTES solution in anhydrous hexane, under argon atmosphere [4] . This reaction was purchased for 4 hours and the materials were rinsed with anhydrous hexane and rinsed by methanol in soxhlet extractor for 48 hours. At last, they are outgassed under vaccum (10 -5 Torr) for 20 hours.
C. Preparation of the dendronized titanium
For the half generations (0.5 and 1.5) synthesis, the materials are immersed in 2mL of a 50% v/v solution of methylacrylate in anhydrous methanol. This reaction is conducted for 20 hours and the materials are then rinsed with anhydrous methanol for 1 day. At last, they are sonicated for 15 min in anhydrous methanol and dry under vacuum (P = 10 -4 Torr) for 4 hours. The generation 1 and 2 are synthesized from the corresponding half generations by immersing them in 2mL of a 50% v/v solution of 1,3-propanediamine in anhydrous methanol. This reaction is purchased for 48 hours and then the materials are rinsed in anhydrous methanol for 1 day, sonicated for 15 min in anhydrous methanol and cleaned in a methanol soxhlet extractor for 48 hours. At last, they are dried under vacuum (P = 10 -4 Torr) for 4 hours. In order to set those synthesis and especially the preparation of the generation 1, different materials were prepared by varying the concentration of 1,3-propanediamine from 10% to 100%.
D. Functionalization with the RGDC sequence
Materials are then coupled with a heterobifunctional cross-linker (SMP) (2.10 -3 M) in anhydrous DMF for 2 hours.
Next, the materials are rinsed in anhydrous DMF for 15 hours and dried under vacuum (T = 70°C, P = 10 -4 Torr) for 4 hours
The activated materials are then immersed in 2mL of a 10 -3 M RGDC solution in a pH 7 phosphate buffer for 4 hours. Materials are rinsed for 2 hours with deionized water and the adsorbed water is removed under vacuum (P = 10 -5 Torr) for the night (15 hours).
E. XPS characterization
XPS spectra have been recorded with a VG 220i-XL Escalab spectrometer on titanium at each step of the synthesis. Power of the monochromatized AlKα source was 100W with an investigated area of about 250µm. A flood gun was used for charge compensation. Acquisition of high resolution spectra was done at constant pass energy of 10eV. Fitting was then realized with a software provided by VG Scientific, each spectrum being referenced to carbon pollution at 284.8eV. Binding energy values are given at ±0.1eV.
F. Fluorimetric characterization 10mL of a 10
-2 M solution of fluorescamine in acetone is prepared. 50µL of triethylamine is added in this solution (0.5%). Each materials are immersed in 2mL of this solution for 15 hours. The titration of the unreacted fluorescamine is done by mixing 1mL of the solution put on the materials with 1mL of a 0.1M solution of n-bytulamine in pH9 buffered solution.
The excitation wavelength was fixed at 390nm and the emission wavelength was fixed at 460nm.
The results are studied by using the following ratio.
R= III. DISCUSSION

A. XPS results:
Silanization are extensively studied for coupling organic compounds to a material [7] , but there are very few studies on the preparation of multilayers and particularly on the resulting structure, coverage, orientation, and organization of the intermediates to the generation 2.
Our aim is the process development of experimental dendronized titanium by using the PAMAM like synthesis described in figure 1 . The first step is an alkylation of the amino moieties by the methylacrylate and the second is a Mickael addition of 1,3-propanediamine on the ester moieties of the materials.
About The theoretical composition given in table II give a theoretical N/Si ratio equal to 5. However, for the G1-10, this ratio is equal to 0.7, showing that this material has as much nitrogen as silicium. Whereas the G1-100 have a N/Si ratio equal to 6.5 and G1-50 give a 3.6 ratio. Both of them are near to the theory, but for G1-100 and for G1-10, the Si percentage is very far from the value obtained in the preceding generation, which was 1.4% (this value is given for the generation 0.5 in the table III). Because this percentage should not vary much, the better concentration to use seems to be solution containing 50% of methylacrylate and 50% of methanol for the synthesis of the half generation, and 50% of 1,3-propane-diamine in 50% methanol for the synthesis of the full generation.
The table III shows the XPS quantification for the different intermediates to the generation 1. The analysis of those results needs the chemical composition of each intermediate, given in table II. The results in table II show that the ratio Si/N is very near of the theory for the different materials. The heavy carbon and oxygen pollution make difficulties to interpret those data, but the results have an evolution similar to the theory.
At last, Ti, Al and V percentage are decreasing, letting us think that molecular layer become more and more important, in adequation with the dendritic tree growing.
Other interesting result is the evolution of the C1s and N1s peaks of the XPS spectra presented in figure 3 .
For the C1s peaks, as the generation increased, the C-O bound become more and more important. Besides, the C=O bound appears from the 0.5 generation and become very important in the 1.5 generation. Besides, from the generation 1, the amide bound is clearly present seen, between the C=O and the C-O peaks.
The N1S peaks is very thin for the silanized titanium (or generation 0), proving that the amino moieties are not protonated and in the primary amines form. As, for the generation 0.5 or for the generation 1, the peaks became larger, proving the presence of an other amine type, linked to the tertiary amines of those two compounds.
B. Fluorimetric results
Preliminary results give a 3.7 ratio between the silanized titanium and the generation 2 dendronized titanium, as the theoretical value was 4. This result let us think that this method could be useful for quantifying our primary amine density on the materials surface.
IV. PERSPECTIVES
The grafting of the RGD sequence is now study. It will be followed by an XPS characterization and a fluorimetric titration with benzoin which react specifically with the guanido moieties of the RGD sequence [8] .
The generation 2 preparation is now carried out and will be characterized soon.
V. OTHER WAY POSSIBLE
An other way for nanodomaines synthesis is also studied. Atomic composition of the studied materials. Values in percentage. The values are given in percentage. The name of each material is composed of two parts. The first is the generation of dendronized titanium, and the second is the percentage of 1,3-propanediamine in the solution used for the preparation of this material. For example, G1-50 is a generation 1 material prepared with a 50%v/v solution of 1,3-propanediamine in methanol.
It consists of the use of nanoparticles of a copolymer of polynorbornene-polyethyleneoxide [9] functionalized with either a carboxyl group, either a RGD sequence.
Those nanoparticles can be grafted on a silanized titanium surface with the carboxyl group and could be considered as nanodomains itself.
The diameter of the nanoparticles is between 200nm and 500nm, it can be define very precisely as the concentration of RGD sequence on its surface.
VI. CONCLUSION
Materials surface can be chemically modified in order to present RGD peptides nanodomains. Various density of nanodomaines as various densities of RGD peptides by nanodomaines can be carried out and will be useful for studying the influence of clustering the RGD sequence on osteoblasts adhesion.
